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INTRODUCTION
Plums are a highly perishable fruit and become overripe very fast (Khan and Sing, 2009 ). Storage and shelf-life is limited even at low storage temperature. Commercial storage and transportation conditions (0-5°C and 80-95% relative humidity) partly delay the softening process, reduce mass losses and disease incidence, but there is high susceptibility to physiological disorders at low temperature such as chilling injury symptoms (Palau et al., 2003; Crisosto et al., 2009 ).
Ripening of climacteric fruits is regulated by ethylene, which initiates the biochemical and physiological changes related to fruit ripening and senescence (ageing), such as sugar and organic acid metabolism, fruit softening and skin colour (Khan and Sing, 2009 ). The shelf-life of plums determines their quality and acceptability by the consumers on the market. Consumers associate the fruit quality with their firmness, juiciness, and sweetness. Too soft fruits are characterised as a commodity with low quality and that have been stored too long (Galmarini et al., 2013) . Ethylene (C 2 H 4 ) is one of the simplest organic compounds with biological activity. Ethylene is gaseous substance that is physiologically active at a very low concentration -20 to 100 nl L -1 and can initiate ripening and accelerate ageing of plant organs (McKeon et al. 1995) . All plant tissues synthesise ethylene, which is released in the environment. Its synthesis rate varies widely and depends mainly on the physiological condition of plant tissues and effect of environmental factors. Ethylene production by fruits and vegetables is generally promoted by physical injury, fungal infection, water stress, and elevated temperature up to 30°C (Kader, 1987) . Highest synthesis rate of ethylene occurs during fruit ripening, in the overripe stage, after tissue injury and when the fruit is stressed (Ievins, 2012) .
At a certain phase of ripening, ethylene binds with appropriate receptors in fruit cells, which promotes completion of fruit ripening and beginning of cell degradation (Burg and Burg, 1967; Sisler and Lallu, 1994) .
Several manufactured substances, which can compete with the ethylene binding, have been found to lead to a reduction of ethylene effects (Juhnevica et al., 2013 .
Usually, the commercial strategies focus directly on the inhibition of ethylene perception or ethylene synthesis during the harvesting, storage, transportation, and processing (Watkins et al., 2002) . One of the newest methods for controlling ethylene synthesis and hence decreasing ripening and ageing processes in climacteric fruits is 1-Methylcyclopropene (SmartFresh TM ) application, which has been broadly documented as an ethylene inhibitor (Abdi et al., 1998; Martinez-Romero et al., 2003; Candan et al., 2006; Watkins, 2006) .
Metabolic processes in plum fruits are regulated predominantly by endogenous ethylene biosynthesis (Bapat et al., 2010; Alexander, Grierson, 2002) . The inhibition of autocatalytic ethylene biosynthesis by 1-MCP has been attributed to reduction in the activities of 1-aminocyclopropane-1-carboxylic acid synthase (ACS, EC 4.4.1.14) and 1-aminocyclopropane-1-carboxylic acid oxidase (ACO, EC 4.4.17.4) and their respective genes (Mathooko et al., 2001) . 1-MCP can induce beneficial effects, such as delay of physicochemical changes related to the ripening process, as well as a reduction of decay, mass losses, and chilling injury (Blankenship and Dole, 2003) .
Delay of ethylene production is one of options for prolonging the shelf-life of plum fruits.
The aim of this work was to study the effect of treatment by 1-methylcyclopropene (1-MCP) on physical and chemical characteristics and sensory qualities of five plum cultivar (Prunus domestica L.) 'Adele', 'Sonora', 'Victoria', 'Stanley', and 'Minjona' fruits during four weeks of storage.
MATERIALS AND METHODS
Materials and storage conditions. The research was carried out at the Institute of Horticulture, Latvia University of Agriculture in Dobele. Five plum cultivars ('Minjona', 'Sonora', 'Stanley', 'Victoria', 'Adele') fruits were harvested in August 2014 (in optimal maturity stage for each cultivar). Fruit average mass was recorded for each plum cultivar: 'Sonora' -0.553 ± 0.01 kg; 'Adele' -0.410 ± 0.01 kg; 'Victoria' -0.402 ± 0.01 kg; 'Minjona' -0.314 ± 0.01 kg; 'Stanley' -0.272 ± 0.01 kg. For the storage, 7 kg plum fruits of each cultivar were collected and divided into two parts: fresh untreated (control C) and fresh plums treated with 1-MCP at the concentration of 0.520 µl L -1 1-methylcyclopropene. The 1-methylcyclopropene used was commercially obtained from Rohm and Haas Company "RandH" (Italy). Immediately after harvesting of plums, treatment with 1-MCP was carried out at 18°C in a hermetically closed fruit processing container for 12 h.
The control and samples treated by 1-MCP were stored four weeks in a cool store-room at temperature 3 ± 1°C. Fruit quality was assessed before storage and after one, two, three, and four weeks of storage. After every storage period (a week), equal amounts (one-fourth of the initial plum sample) were removed, weighed, delivered to the laboratory, stored four hours at temperature 20°C and RH 90%, and then physicochemical indicators were evaluated and sensory analyses performed.
Physicochemical analyses. Firmness was estimated using a digital penetrometer (model TR 53205, Italy) equipped with a 8-mm diameter probe; peak destructive force was expressed in newtons (N). Flesh firmness, was measured on two opposite sides of each plum fruit. Mass losses were determined as described previously (Bliek et al., 1995) . 
RESULTS
Dynamics of plum firmness. There were significant differences between cultivars in plum firmness at the time of harvesting (from 10.19 to 27.75 N) ( Fig. 1 ). Significant decrease of firmness occurred during four weeks of storage both in the control, and 1-MCP treated plum samples. Decrease of firmness at the end of the storage for control samples was: 'Minjona' -52.6%, 'Stanley' -51.5%, 'Victoria' -48.56% and 'Sonora' -39.2%, and 'Adele' -17.8%. For 1-MCP treated fruits firmness decreased as follows: 'Victoria' -42.9%, 'Minjona' -33.9%', 'Stanley' -24.3%, 'Adele' -17.8%. However, in 'Sonora' treated fruits firmness increased by 7.3%. Significant (p < 0.05) differences were observed between control and 1-MCP application for firmness after four weeks of fruit storage. A positive effect of 1-MCP on fruit firmness during storage weeks was observed for plum cultivars 'Sonora', 'Stanley', and 'Minjona'.
Dynamics of plum mass losses during storage. During storage, differences in fresh fruit mass losses between the control and 1-MCP treated plum samples occurred that were significant after four weeks of storage (Table 1) . A significant (p < 0.05) positive effect of treatment by 1-MCP on loss of plum fruit mass during four week of storage was observed only for cultivar 'Sonora'; no effect was observed in the four other cultivars. The percentage losses after four weeks of storage were about 9.5% in control samples (average for all cultivars) and 9.0% in 1-MCP treated samples (mean for all cultivars).
Dynamics of plum total acid content. Almost all plum cultivar fruits had higher concentration of total acids (Table  2) before storage (when degree of readiness was optimal). At the time of plum harvesting, concentration of total acids varied between 0.69 and 1.85%. Plum cultivar 'Adele' fruits were as an exception -in fresh plums the total acid concentration was lower than after four weeks of storage. At the beginning of storage in control samples total acid concentration was 0.69%, while after four weeks of storage -0.89% and in 1-MCP treated fruits -0.82%. Total acid concentration increased by 28.9% in the control and 18.84% in 1-MCP treated samples (Table 2) . During four weeks of storage significant decrease of total acid concentration occurred for all plum cultivars, while in cultivar 'Adele' fruits the total concentration of acids increased significantly (p < 0.05) compared with the initial concentration of acids. In plum cultivars 'Sonora', 'Victoria', 'Stanley', and 'Minjona' control samples the concentration of total acid decreased by 36.25%, 21.62%, 10.74%, and 28.43%. After the treatment of plums by 1-MCP, total acid concentration significantly decreased in cultivars 'Sonora' by 32.50% and 'Minjona' by 8.80%. Treatment by 1-MCP did not have any effect on total acid concentration during storage of plum cultivar 'Stanley' fruits, but delayed acid formation in 'Adele' plums.
Dynamics of plum total soluble solid content. Higher total soluble solid concentration occurred before storage of plums. Among the five cultivar of plums, the highest total soluble solid concentration in control samples was in 'Sonora' -15.60°Brix and 'Adele' -14.98 cultivar fruits (Table 3) . After four weeks of storage, the concentration of total soluble solids in control plum cultivars significantly increased compared with the initial concentration and fluctuated between 11.69 and 15.82°Brix. A similar increase of total soluble solid concentration was observed also in 1-MCP-treated samples. Total soluble solid concentration ranged from 11.42 to 15.80°Brix. After four weeks of storage, there was a significant (p < 0.05) difference in total soluble solid concentration between control and 1-MCPtreated fruits in 'Adele', 'Sonora', 'Victoria', and 'Minjona' cultivars; higher concentrations occurred in the control samples. creased. Colour of cultivars 'Adele', 'Victoria', and 'Sonora' fruits had visibly increased. Scores for cultivar 'Adele' fruits treated by 1-MCP did not significantly differ from those of control samples. Plums of cultivar 'Adele' with and without 1-MCP treatment had higher sweetness and better stone adherence than in the other cultivars. After two weeks of plum storage, sensory properties had significantly changed. Panellists concluded that fruits of cultivar 'Stanley' and 'Sonora' had distinctive firmness, while cultivar 'Stanley' had the poorest stone adherence. In plums treated with 1-MCP, cultivar 'Minjona' plums had better stone adherence than cultivar 'Stanley' fruits. Panellists noted that control samples of cultivar 'Adele' and 'Minjona' plums had distinctive flavour and sweetness, while fruits of cultivar 'Victoria' (1-MCP treated) and 'Sonora' (control and 1-MCP treated) had increased acidity. After three weeks of storage, plums of cultivar 'Adele' (control and 1-MCP-treated) had better flavour than other cultivars, with extensive colour intensity, sweetness, and better stone adherence. Fruits of cultivar 'Victoria' (control and by 1-MCP-treated) had distinctive colour intensity. Samples treated with 1-MCP were more acidic and control samples had more intense flavour. As in the previous periods, after four weeks of storage panellists highlighted that plums of cultivar 'Adele' (control and 1-MCP-treated) had distinctive colour, flavour, sweetness, and fruits are firmer with good stone adherence. Plums of cultivar 'Victoria' (control and 1-MCP-treated) had distinctive colour, flavour, and control samples were sweeter. The total acid concentration after four weeks of storage in cultivar 'Sonora' fruits was 1.02%, while in cultivar 'Victoria' plums -1.45%, and 'Stanley' -1.08%. However, panellists considered that fruits of cultivar 'Sonora' (control) were sourer than the others.
DISCUSSION
Fruit firmness and colour are much appreciated sensorial attributes for consumers, and usually these factors determine fruit acceptability on the market . Changes of fruit firmness are a physiological process that occurs during fruit ripening on the tree, during cold storage and retail handling (Delwiche, 1987; Chen, 1996; Abbott, 1999) . Based on our results it was evident that firmness was considerably decreased during plum storage and softening was more pronounced during four weeks of storage (Table  1) . Considerable softening was observed in plum control samples without 1-MCP treatment. Extensive softening of the fruit can be attributed to enzyme-mediated solubilisation of pectin substances as a result of ripening (Hussain et al., 2015) . We found that 1-MCP application is very effective for the prevention of plum softening processes. Results from the current study indicate that firmness was comparatively higher in plums treated with 1-MCP than in control fruits. Our findings are also coincide with previous studies that noted greater reduction of firmness during 30 days of control fruits than those treated with 1-MCP (Salvador et al., 2003) .
Moisture loss is one of the major factors that limit the marketable life of fresh products (Lee et al., 1995) . Moisture induces water stress, which accelerates ageing of fruits (Kader, 1986) . Due to moisture, undesirable alterations in appearance such as softening of tissue and mass loss takes place. Most fruits and vegetables become unmarketable when they lose 5-10% of their fresh mass (Burton, 1982) . One of the main reasons of mass loss during storage is water transpiration. Transpiration is a process of mass transfer in which the water vapour permeate from the fruit surface of the product to the surrounding atmosphere (Burr et al., 1973) . The second reason for mass loss is metabolic processes, which take place during storage and are associated mainly with respiratory metabolism. It has been observed that treatment with 1-MCP can significantly reduce the mass loss of plums during storage (Palau et al., 2003; Crisosto et al., 2009) . Our study showed ( Table 1) that treatment with 1-MCP did not have any effect on reducing the mass losses of plum cultivar 'Adele' 'Victoria', 'Stanley', and 'Minjona' fruits, while a positive effect was observed for 'Sonora', plums. This can be explained by different processes in ripening, which are accompanied by changes in colour, texture and aroma enrichment. Fruit ripening is not regulated exclusively by ethylene (Nishiyama et al., 2007) . Apparently, both ethylene-dependent and independent pathways coexist to coordinate the climacteric fruit ripening process (Alexander and Grierson, 2002) . Another explanation might be that moisture continuously evaporates during plum storage due to equality of water vapour pressure in the storage atmosphere and on the produce surface. Product characteristics such as the surface structure of the cuticular layer and the specific surface area of fruits in contact with the air directly affect the rate of evaporation (Patel et al., 1988) . Therefore, difference of mass losses between cultivar plums can be explained by different size and by different thickness of cuticular layer (data not shown).
Malic, citric, and tartaric acids are the main organic acids in plums. Concentration of organic acid depends on cultivar and degree of plum maturity. During ripening of plums, decrease of malic acid concentration occurs predominantly, leading to decrease in acidity (Hoehn et al., 2005) . We observed decrease of organic acid concentration during fruit storage for four weeks. Total acid concentration for plums of cultivar 'Victoria' (1.85 ± 0.05%) and 'Sonora' (1.60 ± 0.05%) was highest among cultivars. The concentration of total acids in plums during four weeks of storage decreased on average by 13.61% in the control and by 11.14% in plums treated with 1-MCP. During storage, ripening involved conversion of malic acid by enzyme malate dehydrogenase (EC 1.1.1.37) into oxaloacetic acid. Several researchers have suggested that 1-MCP treatment can considerably delay the decrease of total acid content in plums during cold storage Fan and Mattheis, 1999a; Watkins et al., 2000 , Pre-Aymard et al., 2003 , Pre-Aymard et al., 2005 , Saftner et al., 2003 , Zanella, 2003 . Our results indicate that treatment with 1-MCP had a positive effect on plum cultivars 'Sonora' and 'Minjona', while no effect was observed for cultivar 'Stanley' fruits.
Total soluble solid concentration is an indicator of plum internal quality, which affects consumers' acceptance (Paz et al., 2008) . Based on consumer acceptance, Vangdal (1980) estimated that plums with less than 12.5% soluble solid concentration were not accepted from most of the consumers (Vangdal, 1980) . We found that during storage the concentration of soluble solids in control plums increased (Table 3). Increase of soluble solid concentration serves as an indicator of fruit ripening, which was observed during four weeks of plum storage.
Increasing of total soluble solid concentration occurs due to conversion of higher polysaccharides into the simple sugars such as glucose, which are more soluble in solutions.
Fruits of plum cultivars 'Adele', 'Sonora', 'Victoria', and 'Minjona' without 1-MCP treatment continuously ripened during storage time. After four weeks of plum storage, total soluble solids concentration increased by 5.60% in 'Adele'), 5.37% in 'Sonora', 14.86% in 'Victoria' and by 9.28% in 'Minjona'. Total soluble solid concentration in the control plum cultivar 'Stanley' did not significantly change during the four weeks of storage. In this case, perhaps ripening process in this plum cultivar does not occur during storage.
In plum samples treated with 1-MCP, after four weeks of storage total soluble solid concentration in plum cultivars 'Adele' and 'Sonora' was significantly lower than in control samples. The decrease of soluble substances can be explained by oxidative breakdown of sugars in respiration, which initiates the catabolic processes that trigger the cleavage reaction of sugars (Hussain et al., 2010) . Utilization of sugars as substratum for fungal growth indicates that catabolic processes were initiated that triggered the cleavage reaction of sugars. In plum cultivar 'Stanley' no statistically significant differences in total soluble solid concentration were observed. In the present study, no positive effect of 1-MCP treatment on plum total soluble concentration was observed. In previous studies treatment with 1-MCP had no effect on the total soluble solid concentration either (Menniti et al., 2004) .
One of the most important negative aspects of 1-MCP is reduction in volatile compound synthesis by eliminating sensitivity to ethylene. These compounds are responsible for the fruit flavour (Mitcham et al., 2001) . Sensory obtained results in this study did not substantiate the idea that 1-MCP significantly suppresses the synthesis of volatile compounds. The panellists highlighted that fruits subjected to treatment by 1-MCP did not differ in flavour in comparison with control fruit samples. However, 1-MCP treated fruits had more pronounced sourness and firmness. On the other hand, there were no negative effects of 1-MCP on the colour intensity of stored plums.
The results of our experiment demonstrated that application of 1-MCP treatment is an effective tool with great positive effect for most climacteric stone fruits. The study showed that 1-MCP application positively affected the quality of plum fruits. During four weeks of plum storage, firmness in plums treated by 1-MCP was relatively higher in fruits than before the storage. In particular, 1-MCP application maintained the quality parameters of 'Sonora', 'Minjona', and 'Sonora' plum cultivars. A significantly higher positive effect of 1-MCP on mass loss was observed only in one of five plum cultivars -'Sonora'. 
ACKNOWLEDGMENTS

